Abstract-in this research crankshaft is an important part of pump assembly which transfers energy from prime mover to connecting rod and convert the rotary motion of a crankshaft into reciprocating motion of a plunger rod through the connecting rod. Crankshaft is one of the most critically loaded component in the pump as it experiences cyclic loads in the form of bending and torsion during its working condition. Its failure will cause serious damage to the pump. So, its reliability verification must be performed. In this paper a dynamic simulation is conducted on a crankshaft from a single plunger rod plunger pump. In this work crankshaft of EN24 material is used for high pressure plunger pump. A three-dimension model of crankshaft is created using SOLID EDGE ST6 software. The main objective of this research is to study the static structural analysis of crankshaft. Finite element analysis (FEA) is performed to obtain the variation of stress magnitude at critical locations of crankshaft. The dynamic analysis is done using FEA Software ANSYS14.5 which resulted in the load spectrum applied to crank pin bearing. This load is applied to the FE model in ANSYS, and boundary conditions are applied according to the mounting conditions. The analysis is done for finding critical location in crankshaft. Stress variation over the cycle and the effect of torsion and bending load in the analysis are investigated. Von-mises stress is calculated using theoretically and FEA software ANSYS.
I. INTRODUCTION
It is a large component with a complex geometry in the pump, which converts rotary motion to a reciprocating displacement of the plunger rod with a four link mechanism. Crankshaft consists of the shaft parts which revolve in the main bearings, the crankpins to which the big ends of the connecting rod are connected, the crank arms or webs (also called cheeks) which connect the crankpins and the shaft parts. The crankshaft main journals rotate in a set of supporting bearings (main bearings) causing the offset road journals to rotate in circular path around the main journal centres, the diameter of that path is the engine "stroke'.
Crankshaft experiences large forces from fluid pressure. This force is applied to the top of the plunger rod and since the connecting rod connects the plunger rod to the crank shaft, the force will be transmitted to the crankshaft. The magnitude of the forces depends on many factors which consist of crank radius, connecting rod dimensions and weight of the connecting rod, plunger rod, crank slider, and pin. Pressure and inertia forces acting on the crankshaft such as torsional load & bending load. Crankshaft must be strong enough to take the downward force of the compression stroke without excessive bending so the reliability and life of the plunger pump depend on the strength of the crankshaft largely. The crank pin is like a built in beam with a distributed load along its length that varies with crank positions. Each web is like a cantilever beam subjected to bending and twisting.
A crankshaft should have sufficient strength to with stand the bending and twisting moments to which it is subjected. In addition, it should have sufficient rigidity to keep the lateral and angular deflections within permissible limits. The crankshaft is subjected to fluctuating stresses and, as such, it should have sufficient endurance limit stress. There are many sources of failure in the engine one of the most common crankshaft failure is fatigue at the fillet areas due to the bending load. The moment of pressure force from plunger rod is transmitted to the crankpin, causing a large bending moment on the entire geometry of the crankshaft. At the root of the fillet areas stress concentrations exist and these high stress range locations are the points where cyclic loads could cause fatigue crank initiation leading to fracture.
In industrial engine, the crankshafts are commonly made from carbon steel such as 40C8, 55C8 and 60C4. In transport engines, manganese steel such as 20Mn2, 27Mn2 and 37Mn2 are generally used for the making of crankshaft. In aero engines, nickel chromium steel such as 35Ni1Cr60 and 40Ni2Cr1Mo28 are extensively used for the crankshaft. The crankshafts are made by drop forging or casting process but the former method is more common. The surface of the crankpin is hardened by case carburizing, nit riding or induction hardening.
It is important for engineers to properly determine the stresses present within the crankshaft to ensure that work even under its worst conditions. By being able to model the crankshaft and determining the forces present on it under all conditions it is possible to use programs such as ANSYS to determine the stresses developed within the crankshaft. The material used for connecting rod has following properties, 
II. LITERATURE REVIEW
Jaimin Brahmbhatt, Abhishek choubey [1] -In this paper a dynamic simulation is conducted on a crankshaft from a single cylinder 4-stroke diesel engine. The dynamic analysis is done using FEA Software ANSYS which resulted in the load spectrum applied to crank pin bearing. The analysis is done for finding critical location in crankshaft. Stress variation over the engine cycle and the effect of torsion and bending load in the analysis are investigated. The relationship between the frequency and the vibration modal is explained by the modal and harmonic analysis of crankshaft using FEA software ANSYS. The maximum deformation appears at the centre of crankpin neck surface. The maximum stress appears at the fillets between the crankshaft journal and crank cheeks and near the central point Journal. The edge of main journal is high stress area.
K. Thriveni, Dr. B. Jaya Chandraiah [2] -studied the Static analysis on a crankshaft from a single cylinder 4-stroke I.C Engine. Finite element analysis (FEA) is performed to obtain the variation of stress at critical locations of the crank shaft using the ANSYS software and applying the boundary conditions. Then the results are drawn Von-misses stress induced in the crankshaft is 15.83MPa and shear stress is induced in the crankshaft is 8.271MPa. The Theoretical von-misses stress is 19.6MPa, shear stress is 9.28MPa. The validation of model is compared with the Theoretical and FEA results of Von-misses stress and shear stress are within the limits. R. J. Deshbhratar, and Y.R Suple, [3] have been analysed 4-cylinder crankshaft and model of the crankshaft were created by Pro/E Software and then imported to ANSYS software. The maximum deformation appears at the centre of crankshaft surface. The maximum stress appears at the fillets between the crankshaft journal and crank cheeks, and near the central point. The edge of main journal is high stress area. The crankshaft deformation was mainly bending deformation under the lower frequency. And the maximum deformation was located at the link between main bearing journal and crankpin and crank cheeks. So this area prone to appear the bending fatigue crack.
Rinkle garg and Sunil Baghl, [4] have been analysed crankshaft model and crank throw were created by Pro/E Software and then imported to ANSYS software. The result shows that the improvement in the strength of the crankshaft as the maximum limits of stress, total deformation, and the strain is reduced. The weight of the crankshaft is reduced .There by, reduces the inertia force. As the weight of the crankshaft is decreased this will decrease the cost of the crankshaft and increase the I.C engine performance. Sri K. Prasad, A.V.S.S.Somasundar, [5] have been analysed a cast Iron crankshaft of a single cylinder 4 -stroke diesel engine. A static analysis was conducted to get variation of stress magnitude at critical locations of the crankshaft. A model was created in CATIA of crank shaft and imported into ANSYS to carryout static analysis. Meshing of crankshaft was done; loads and boundary conditions were applied as per the mounting conditions of the crankshaft on Finite element model of crankshaft. Results obtained from the analysis were then used in optimization of the cast Iron crankshaft. Weight Optimization is achieved by varying the crankpin diameter. That requires the stress range in FE analysis not to exceed the magnitude of the stress range in the original crankshaft. The optimization process involves geometry changing without changing engine block.
Ramanagouda Biradar, Dr. R A Savanur, [6] have been analysed static stress analysis on crankshaft of a single-cylinder 4 stroke diesel engine using finite element method. ANSYS WB14 is used for the analysis using 4 different materials to find the distribution of maximum deformation, maximum shear stress and von-mises stress on the crankshaft. By comparing all the determinants like von mises stress, shear stress, deformation and mass on all type material crankshafts, Gray cast iron crankshaft is best suitable from the study. All the determinants are within safe limit and mass of the Gray cast iron crankshaft is about 9.0277 kg which is lesser amongst different material crankshafts. Gray cast iron crankshaft will impose less inertia effect.
Objective
The main objective of this research is to study the static structural analysis of plunger pump crankshaft. Theoretical design of Crankshaft is carried out. Modelling of the connecting rod is done using Solid edge ST6 and finite element analysis is done in Ansys 14.5 software to analyse the stresses acting on the crankpin due to fluid force. Analyse the maximum deformation, maximum stress point and dangerous areas of failure.
III. DESIGN OF CRANKSHAFT
The different parameters of the pump and crankshaft are given below. A crankshaft is subjected to bending and torsional moments due to the following three forces: I. Force exerted by the connecting rod on the crank pin II. Weight of counterweight (W) acting downward in the vertical direction III. Resultant belt tensions acting in the horizontal direction (P 1 + P 2 )
In the design of the centre crankshaft, two cases of crank positions are considered. They are as follows: Case I: The crank is at the top dead centre position and subjected to maximum bending moment and no torsional moment. Case II: The crank is at an angle with the line of dead centre positions and subjected to maximum torsional moment. We will consider these cases separately to determine the dimensions of the crankshaft.
Most crankshaft failures are caused by a progressive fracture due to repeated bending or reversed torsional stresses. Thus the crankshaft is under fatigue loading and, therefore, its design should be based upon endurance limit. Neither since the failure of a crankshaft is likely to cause serious pump destruction and neither all the forces nor all the stresses acting on the crankshaft can be determined accurately; therefore a high factor of safety from 3 to 4, based on the endurance limit, is used.
Design of Centre Crankshaft
Case I: When the crank is at dead centre (crankshaft subjected to pure bending)
At this position of the crank, the maximum fluid pressure on the piston will transmit maximum force on the crankpin in the plane of the crank causing only bending of the shaft the crankpin as well as ends of the crankshaft will be only subjected to bending moment. Thus, when the crank is at the dead centre, the bending moment on the shaft is maximum and the twisting moment is zero.
1) The reactions at the bearings 1 and 2 due to force on the crank pin are denoted by R 1 and R 2 .The vertical component is given by R v and horizontal reaction is denoted by R h . 2) The reaction at the bearing 2 due to weight of the counterweight and sum of the belt tensions (P 1 +P 2 ) are denoted by R' 2 followed by suffix letters v and h such as (R' 2 ) v or (R' 2 ) h. The position of the crank when it makes an angle (Ө) with the line of dead centres. The torque is maximum when the tangential component of force on the crank pin is maximum. It may be noted that the tangential force will cause twisting of the crankpin and shaft while the radial force will cause bending of the shaft.
The force acting on the connecting rod F Q may be resolved into two components, one perpendicular to the crank and the other along the crank. The component of F Q perpendicular to the crank is known as crank-pin effort and it is denoted by F T. The component of F Q along the crank produces a thrust on the crank shaft bearings and it is denoted by F B . Resolving F Q perpendicular to the crank, F T = F Q × sin (θ+ ɸ) = (F p /cos ɸ) × sin (θ+ ɸ) = 13102.63 N And resolving F Q along the crank, F R = F Q × cos (θ+ ɸ) = (F p /cos ɸ) × cos (θ+ ɸ) = 1310.287 N It is assumed that the portion of the crankshaft between bearing 1 and 2 is simply supported on bearing and subjected to tangential force F T and radial force F B at the crankpin. Due to the tangential component F T , there are reaction H T1 and H T2 at bearing 1 and 2 respectively. Similarly, due to the radial component F R , there are reactions H R1 and H R2 at bearing 1 and 2 respectively. Taking moment of forces about bearing 1, F T ×b 1 By comparing case I and case II crank pin diameter, we will be choose maximum diameter therefore we will follow when the crank is at dead centre (crankshaft subjected to pure bending) i.e. case I.
Design of shaft under load
To find the diameter of the shaft adjacent to the crank web and which is to be mounted in crankshaft bearing. Whenever shaft is subjected fluctuating load, shaft experiences bending moment and twisting moment. To find diameter of shaft for pure bending, pure twisting and combine effect of bending and twisting moment procedure discussed below. Case I: Subjected to pure bending moment Consider maximum gas force is applied on shaft; bending moment is produced. This 
Design of left hand crank web
First we will find the thickness of the crank web, generally thickness calculated by the empirical relationship as,  t = 0. 
Design of right hand crank web
The dimensions of the right hand crank web (i.e. thickness and width) are made equal to left hand crank web from the balancing point of view.
Design of shaft under counterweight
The 
IV. MODELING AND STATIC STRUCTURAL ANALYSIS OF CRANKSHAFT
Crankshaft for material modelled by taking the designed parameter and then by using the Solid Edge ST6 software solid modelling has done which is shown in Figure ( As shown in the figure 1 the crankshaft is modelled using Solid Edge ST6 Software with the dimensions shown in figure 2 for Steel EN24.
Finite Element Analysis
The basis of FEA relies on the decomposition of the domain into a finite number of subdomains (elements) for which the systematic approximate solution is constructed by applying the variation or weighted residual methods. In effect, FEA reduces problem to that of a finite number of unknowns by dividing the domain into elements and by expressing the unknown field variable in terms of the assumed approximating functions within each element. These functions (also called interpolation functions) are defined in terms of the values of the field variables at specific points, referred to as nodes. The finite element method is a numerical procedure that can be used to obtain solutions to a large class of engineering problems involving stress analysis, heat transfer, electromagnetism, and fluid flow.
Meshing of crankshaft
Significant factor that will affect the possibilities to obtain acceptable results from the analysis is how the mesh is defined. A finer mesh will generate more accurate results, at the price of longer calculation time. Hexagonal meshing is done. The numbers of elements are 88143 and the numbers of nodes are 300989. It is necessary to mesh manually in subsequent simulations where the model is more detailed and the geometry is more complex. For this first analysis, element size is found out to be 4 mm for working in convergence zone. Figure 3 shown below is meshed model of crankshaft. 
Loading and boundary conditions
Boundary conditions play an important role in finite element calculation and also relate to the finite elements mesh generating, some assumptions are set up when considering the boundary conditions:
1) The torque is ignored. Only bending moment, which affects the crankshaft mostly, is included in the calculation and analysis. 2) The mass force is included in the program itself. Therefore the force boundary condition excluded the mass force.
Crankshaft is a constraint with a ball bearing from one side and with a journal on the other side. The ball bearing is press fit to the crankshaft and does not allow the crankshaft to have any motion other than rotation about its main axis. Since only 180 degrees of the bearing surfaces facing the load direction constraint the motion of the crankshaft, this constraint is defined as a fixed semicircular surface as wide as ball bearing width. Since the crankshaft is in interaction with the connecting rod, the same loading distribution will be transmitted to the crankshaft. In this study a force of 13037.63N is applied at the crankpin at the position of maximum bending moment or is at the dead centre. 
V. CONCLUSIONS
By checking and comparing the results of material in above tables and finalizing the results are shown in below. 1) Table 3 results shows that FEA Results conformal matches with the theoretical calculation so we can say that FEA is a good tool to reduce time consuming theoretical work. 2) The maximum deformation appears at the centre of the crankpin neck surface.
3) The maximum stress appears at lubricating hole circular area, transition areas between the crankshaft journal and crank web and the area between crankpin and crank web. 4) The value of von-misses stresses that comes out from the analysis is far less than material yield stress so our design is safe.
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